Proposed Mode of Action for Acrolein Respiratory Toxicity Associated with Inhaled Tobacco Smoke.
This article presents a mode of action (MOA) analysis that identifies key mechanisms in the respiratory toxicity of inhaled acrolein and proposes key acrolein-related toxic events resulting from the inhalation of tobacco smoke. Smoking causes chronic obstructive pulmonary disorder (COPD) and acrolein has been previously linked to the majority of smoking-induced noncancer respiratory toxicity. In contrast to previous MOA analyses for acrolein, this MOA focuses on the toxicity of acrolein in the lower respiratory system, reflecting the exposure that smokers experience upon tobacco smoke inhalation. The key mechanisms of acrolein toxicity identified in this proposed MOA include (1) acrolein chemical reactivity with proteins and other macromolecules of cells lining the respiratory tract, (2) cellular oxidative stress, including compromise of the important anti-oxidant glutathione, (3) chronic inflammation, (4) necrotic cell death leading to a feedback loop where necrosis-induced inflammation leads to more necrosis and oxidative damage and vice versa, (5) tissue remodeling and destruction, and (6) loss of lung elasticity and enlarged lung airspaces. From these mechanisms, the proposed MOA analysis identifies the key cellular processes in acrolein respiratory toxicity that consistently occur with the development of COPD: inflammation and necrosis in the middle and lower regions of the respiratory tract. Moreover, the acrolein exposures that occur as a result of smoking are well above exposures that induce both inflammation and necrosis in laboratory animals, highlighting the importance of the role of acrolein in smoking-related respiratory disease.